Outcome measures are a crucial tool in the analysis and comparison of medical interventions. We review the subjective and objective methods of assessing outcomes of rhinoplasty and septorhinoplasty. Both form and function of the nose are considered.
Introduction
The primary goals of rhinoplasty and septorhinoplasty are to restore nasal function by maximizing nasal airflow and to improve cosmetic appearance. Rhinoplasties were performed in India as early as 800 B.C. 1,2 A common punishment for criminals at that time was nasal amputation, which led to attempts at reconstruction. Further descriptions were uncommon until 1891, when John O. Roe, an American otolaryngologist, introduced a reduction procedure that included the removal of the nasal dorsal hump. 3 However, his main workload involved the correction of saddle deformity secondary to syphilis.
Today, rhinoplasty and its outcomes generate a huge amount of public interest. A Google Internet search for rhinoplasty produces almost 6.4 million results. It is a fairly common procedure; 133,541 rhinoplasties were performed in the United States in 2010 alone. 4 The array of individual rhinoplasty techniques is vast, and there is little evidence to suggest the superiority of one over any other. This might be attributable to the enormous diversity in individuals' noses and their perception of a "good outcome. "
The assessment of outcomes of surgical procedures is becoming increasingly important. Outcomes data allow for comparisons of different surgical techniques, for audits of results from different departments, and for assessments of individual surgeons. These data aid the identification of patients who are both likely and unlikely to benefit from a particular procedure. They are also necessary for informed patient choices, and they contribute to cost/benefit analysis. Finally, outcomes assessments result in better outcomes. Developing a quantification system for a previously subjective measure can be difficult; designing one for rhinoplasty and septorhinoplasty is particularly complex. Quantification is derived from a measurement, which must initially be defined. For rhinoplasty and septorhinoplasty, the two main outcomes parameters are nasal airway patency and cosmetic appearance. These are not mutually exclusive, but we shall consider them separately.
Subjective assessment of nasal obstruction
The subjective sensation of nasal obstruction is frequently the driving force for a patient to seek medical help. It can be argued that subjective improvement is of greater importance than any objective assessment of outcome. A simple way to measure an outcome is to ask the patient to set a surgical goal-for example, to reduce the sensation of nasal blockage. After the procedure has been performed, the patient can then decide whether the goal has been achieved. 5 Another basic tool for assessing a rhinoplasty result is the visual analog scale (VAS), which has been shown to be a valid indicator of nasal obstruction in patients with rhinitis and as a pre-and postoperative assessment tool in patients undergoing septoplasty. [6] [7] [8] Numerous complex questionnaires have been formulated to subjectively quantify symptoms in rhinosinusitis. [9] [10] [11] [12] [13] However, a systematic review published by Linder et al 14 in 2003 suggested that only three of these instruments are valid, reliable, responsive, and reproducible: the Chronic Sinusitis Survey, the Rhinosi-nusitis Outcome Measure, and the Sino-Nasal Outcome Test. These measures have been employed in assessing rhinoplasty and septorhinoplasty despite the fact that they were not designed for this purpose. 15, 16 Another instrument, the Nasal Obstruction Symptom Evaluation (NOSE) scale, 17 would seem to be a more appropriate subjective tool. The NOSE scale, which was designed to assess nasal obstruction but not other rhinitis parameters, is a validated nasal-symptom-specific quality-of-life measure that has been used to illustrate the benefits of septoplasty. 18 Specific nasal questionnaires can be used in conjunction with general quality-of-life or general health questionnaires to assess outcomes. 19 There are many of these generic measures, such as the Nottingham Health Profile and the 36-Item Short Form Health Survey. 20 They allow clinicians to compare the impact of nasal problems and the relative benefits of surgery to similar aspects of other disease processes.
Objective assessment of nasal obstruction Objective measures of outcomes are usually more reliable than subjective measures. Unfortunately, a simple, inexpensive, accessible, and reproducible measure does not exist for nasal surgery. Clinical examination is subject to observer bias and is hard to quantify, so it cannot be considered to be objective. This has been shown by the poor correlation between examination and rhinometric measures.
Various tests based on airflow or resistance to it have been devised to quantify nasal obstruction. Measurement of nasal inspiratory peak flow is widely available, inexpensive, portable, quick, and repeatable. It is closely correlated to nasal airway resistance, rhinomanometry, and the subjective sensation of nasal patency. 21, 22 However, it requires good patient cooperation, it is dependent on pulmonary function, and it is sensitive to alar collapse. 23 Because this test is based on measurements of both nostrils, a compensated unilateral problem can be missed. This test's counterpart, the measurement of nasal expiratory peak flow, is limited by mucus buildup in the facemask.
Resistance to flow can be quantified by the measurement of pressure differences between the front and back of the nose, which is achieved by rhinomanometry. It can be performed actively or passively and by an anterior or posterior approach. Unfortunately, results are not reproducible; an intrasubject variation of 20 to 25% occurs within 15 minutes, and the day-to-day variation can be as high as 50%. 23 These disparate results seem to be intrinsic to the measurement process, and they are exacerbated by soft palate movement.
Another development was the introduction of rhinoresistometry, in which nasal resistance is calculated from transnasal pressure difference and airflow. There is a marked increase in nasal resistance and an associated decrease in airflow when lamina airflow through the nose becomes turbulent. The results of rhinoresistometry are subject to variabilities similar to those associated with rhinomanometry, and they do not seem to be related to the subjective sensation of nasal airflow obstruction. 24 More accurate results are obtainable by longer-term monitoring by rhinoflowmetry, in which nasal airflow from each nostril is measured with a portable batterypowered device for as long as 3 days. This allows the clinician to analyze readings at specific times of the day while the patient is in his or her normal environment. It also allows the clinician to average the readings for an entire day. The disadvantage of rhinoflowmetry is the obvious inconvenience and discomfort of wearing the device throughout the day.
Unlike techniques that measure flow or resistance to it, acoustic rhinometry measures the internal cross-section of the nasal airway. The computer-generated result plots the internal cross-sectional area of each nostril and the distance from the external ostium. An electronically generated "click" propagated in a tube enters the nose, is reflected by the local changes in acoustic impedance, and is picked up by a microphone. The results can be skewed by a wide sinus ostium, but the critical nasal valve area and the anterior 4 to 5 cm are accurately measured with a variation of only 5 to 10%. 23 Radiology can also be of help in the form of computed tomography (CT) and magnetic resonance imaging, but there is not always a correlation between physiologic airway obstruction and apparent anatomic narrowing of the airway at a particular cross-section.
Considerable conflicting evidence exists in the literature as to the external validity of these measurements of nasal airway parameters in rhinoplasty and septorhinolpasty. Some studies have shown a good correlation between subjective measures such as VAS values and objective methods such as nasal peak inspiratory flow measurement, rhinomanometry, and acoustic rhinometry. 7, 8, 25 Other studies based on these parameters have reinforced the benefits of surgery despite the fact that there is sometimes no correlation between different tests in the same patient. 26, 27 This may be in part attributable to the fact that acoustic rhinometry is accurate only in patients with anterior septal deviations. 28 In summation, there is currently no objectively accurate and reproducible means of measuring nasal airway patency.
Objective assessment of nasal form
While obtaining an accurate measurement of nasal airflow is difficult, the assessment of nasal shape is even more challenging. A split-second look can provide an observer, whether medically trained or not, with a huge amount of information about the aesthetics of an individual's nose, but that information is very hard to quantify. The first attempts to do so were based on preand postoperative measurements made from relatively fixed points in order to quantify the change in shape caused by surgery-for example distances from bony points on the forehead or the central incisor gingival line. A "nasal projectometer, " which is a contraption consisting of three sliding rulers attached along a perpendicular plane to another ruler, has been used to measure the landmarks of the nose. 29, 30 However, the difficulty encountered in aligning the measuring device to standard points combined with improvements in photographic techniques led researchers to focus, as it were, on photographic analysis. 31 As photographic assessments evolved, formal grading systems were developed so that pre-and postoperative scores could be compared. 32 The Rhinoplasty Assessment Scale (Photographic) (RASP), developed by Sharp and Rowe-Jones, has been validated. 33 Scores range from 0 (aesthetically good) to 3 (aesthetically poor), and they are ascertained pre-and postoperatively. RASP values are determined by analysis of various parameters of the upper, middle, and lower third of the nose, and they are based on interpretation of frontal, basal, oblique, and lateral photographic views. In all, 28 separate items are analyzed, and a maximum score of 84 is theoretically possible. Some authors have tried to be even more objective by using proformas based on quantitative measurements obtained from photographs, but these instruments are largely unvalidated. [34] [35] [36] [37] The difficulty with photographic measurements lies in duplicating the preoperative setup-including angles, position, and lighting-for the postoperative photographs. These techniques have become more precise, but disparities still occur. 38, 39 The science behind capturing accurate, measurable, and reproducible digital photographs is well documented. 40 Most previously described techniques of performing facial analysis from photographic images involve measurements based on nasal landmarks. However, some landmarks may become altered, say by trauma. Byrd and colleagues proposed the concept of "dimensional analysis, " in which facial proportions are measured in relationship to non-nasal references such as the glabella and the facial length. 41, 42 One advantage of this technique is that the nose is measured in relationship to the entire face rather than as a separate entity; another is that measurements can be made from photographs even if the pre-and postoperative photographs are not identical, because the examiner is measuring ratios rather than vertical and horizontal distances. The gold standard for this technique is the average measurements obtained from American models and beauty pageant contestants, so this might not apply to all racial and ethnic groups, and it might not correspond to all tastes.
Other techniques have taken advantage of the rapid evolution in computers and software technology to generate three-dimensional digital maps of the nose and face to compare pre-and postoperative dimensions. 43 The image can be captured or created in several ways: by CT reconstruction, 44 by digitization of nasal coordinates taken from a mold of the nose, 45 by structured light scanning, 46 and by laser mapping. 47 These techniques can demonstrate subtle structural changes in nasal form because they provide increasingly accurate volumetric and coordinate-based data.
Subjective assessment of nasal form
Numerous instruments for the subjective assessment of nasal shape have been published. Questionnaires specific to the nose and face include the Facial Appearance Sorting Test, in which the subject arranges a series of simple line drawings in sequence from least to most aesthetically desirable and then rates him-or herself in the self-perceived appropriate position in the hierarchy. 48 The Rhinoplasty Outcome Evaluation is a six-item questionnaire designed to assess the physical, mental, emotional, and social domains of rhinoplasty both pre-and postoperatively. 49, 50 These instruments can be used in conjunction with general quality-of-life questionnaires.
The Derriford Appearance Scale is based on a more general questionnaire in which patients rate their perceived body image pre-and postsurgery. 51 Another more general questionnaire is the Glasgow Benefit Inventory (GBI), which was originally designed to help monitor outcomes of middle ear surgery but which has since been validated for rhinoplasty. 52, 53 It consists of four sections in which patients rate their perception of the overall success of surgery and the influence of surgery on their psychosocial function, social interactions, and physical health. In rhinoplasty patients, the GBI has been shown to correlate well with the Nasal Symptom Questionnaire that was designed to rate functional endoscopic sinus surgery. 16 Patients who seek rhinoplasty have a perception of the ideal nose that is generally similar to that of surgeons and the general public. 54 Therefore, rhinoplasty should be tailored to "normalize" the nose. In 2004, Pearson and Adamson published the results of their survey, which revealed that the gold standard for women is the "average" white female nose and that this preference is similar across races. 54 Still, we know that a population's view of beauty changes with time. Mayans felt that the aquiline nose was the most beautiful, while in the 17th century, a big nose was thought to reflect strength of character. Quantifying aesthetics has been attempted for centuries. The parameters and proportions of the "ideal" face and nose were studied by sculptors and artists such as da Vinci, Pacioli, Melzi, Dürer, Lavater, Bell, and Camper. To this day, these "ideal" parameters remain difficult to measure and quantify, and assessing functional and aesthetic outcomes after surgery remains a formidable task. For the time being, we can only go by our best judgment and the patient's wishes, but objective assessment tools are likely to become more important in the future as they become further refined and sophisticated and as healthcare systems around the world move toward linking reimbursement to the surgical outcome. 55 
